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. Hxprcarvs  produced  shocks  is  ah 


By: 

Jacob  Savitt 

Approved  by:  [ZjoUjM 

Russell"  McGill,  Chief 
Explosives  Properties  Division 


ABSTRACT:  A method  for  the  observation  of  the  ionization  profile 

behind  explosive  produced  shocks  In  air  is  described.  Preliminary 
measurements  of  a qualitative  nature  of  the  shocks  produced  by  the 
detonation  of  small  quantities  of  dextrlnated  lead  azide  are 
presented  and  discussed.  It  is  found  that  the  region  of  mazlnw 


Ionization  for  these  shocks  is  at  scow  distance  behind  the  shock 
front. 
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The  physical  properties  of  the  disturbed  region  inaaediately 
behind  explosive  produced  shocks  in  air  have  been  found  to  be  related 
to  the  ability  aS  the  disturbance  producing  explosive  to  initiate  other 
explosives . It  Is  the  purpose  of  this  report  to  present  the  results  of 
some  preliminary  teats  which  were  designed  to  test  the  feasibility  of 
observing  the  ionization  profile  inaediately  behind  the  explosive 
produced  shock  fronts.  The  method  described  looks  premising  and  may 
prove  to  be  a useful  research  tool.  The  results  are  preliminary  in 
character  and  are  presented  for  information  only.  The  author  viahes  to 
acknowledge  the  general  advise  and  encouragement  of  Mr.  R.H.  Rtresau 
and  the  help  of  Mr.  C.  Goode  with  the  electronic  design  construction. 
This  work  was  dona  as  part  of  the  program  under  Task  Assignment 
KOL-B2c-l-l-5k,  Initiation  and  Detonation  of  Explosives,  and  la  a 
continuation  of  the  work  reported  in  HavOrd  Reports  2132  and  2283. 

EDWARD  L.  WOODYARD 
Captain,  U3N 
CoGxnAndor 
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urm cductiob 

In  many  type#  of  exploaive  erperlnenta,  reference#  (a)  through 
(c),  the  Ionization  produced  by  the  detonation  of  primary  and  high 
explo«ivea  is  used  to  start  and  atop  electrical  circuits  by  shorting 
ionization  probe#.  In  theae  systems,  current  flew*  throu*J;  the  ionized 
region  produced  at  and  behind  shock  fronts  in  air.  It  la,  therefore,  of 
interest  to  obtain  more  detailed  information  about  the  conductivity  of 
the  air  at  the  shock  front  and  immediately  behind  it.  Furthermore,  it 
is  probable  that  the  pressure  and  temperature  profiles  and  distributions 
in  tine  and  space  of  this  air,  which  are  directly  related  to  the  initia- 
ting ability  of  a detonating  explosive,  references  (4)  oral  (e),  are  also 
closely  related  to  the  ionization  in  the  region  behind  the  shook.  It  has 
been  shcvn,  reference  (e),  that  scat  complicated  integral  of  tha  ionisa- 
tion behind  the  air  "hock  produced  by  the  detonation  of  lead  axlda 
correlates  veil  vlth  the  ability  of  the  lead  aside  to  initiate  confined 
tetryl  across  an  air  gap.  A method  for  tha  observation  of  tha  Ionisa- 
tion profile  behind  explosive  produced  shocks  in  air  is  described  In 
this  report  and  sooe  results  which  indicate  that  tha  raathod  is  feasible 
are  presented. 


KXFKHTMOfrAL  DSTAIL3 

The  Probe i 

The  type  of  measurement  which  ve  wish  to  make  requires  a probing 
system  which  will  remain  fixed  in  space  or4  undamaged  and  which  will 
detect  electrically  the  Ionisation  in  the  compressed  air  as  tho  air  passes 
the  probe.  For  this  purpose  the  following  design,  Figure  1,  was  w»«d. 

Tko  brass  cylinders  1.000  inch  in  dlaooter  with  axially  contered  holes 
0,150  inch  in  diameter  were  placed  end  to  end  <ui  shown  and  insulated 
from  each  other  with  electrical  tape  0.010  inch  thick.  A hole  was  cut 
in  the  tape  slightly  larger  than  in  tho  brass  and  placed  in  line  with  the 
holes  in  the  braes  as  shcvn.  Brass  screws  were  fixed  la  tho  cylinders  #0 
that  electrical  contact  to  them  could  be  enaily  made. 

Tha  Kxploslve  Charge: 

The  explosive  charge  holder  used  in  these  experiments  is  illustrated 
In  Figure  2.  Twenty-five  millgrams  of  dextrinated  load  axida  were  press- 
ed into  the  plug  element  under  a pressure  of  4,000  pal.  Hie  plug 
element  'was  then  crimped  into  place  in  a bras#  cylinder  with  the  dlman- 
alona  shown. 

The  Firing  Circuit; 

The  firing  circuit  consisted  of  a 4?  volt  battery  and  a 10  micro- 
farad condenser  connected  in  parallel  to  each  other  and  in  aeries  with 
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FIG.  2 EXPLOSIVE  CHARGE  HOLDER 
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a nvltch  and  the  heating  wire  of  th*  plug  elenant. 

Th*  Complete  System; 

The  coBplftt*  system  !•  shown  schematically  In  Figure  3»  A slmpl* 
condenser  disobarg*  circuit  van  arranged  ao  that  a resistance,  R,  and 
ftn  open  gap,  0,  (our  probe)  were  la  series  with  & condenser,  C,  chargsd 
to  ft  voltage,  V.  The  tlms  PC  was  large  enough  ao  that  when  the  gap  0 
vac  charted,  RC  was  ver y long  ccapared  to  the  tine  during  which  w*  wlah 
to  obssrve  the  current  flow  la  the  circuit.  In  Figure  4 an  oacllloacope 
tmee  of  the  voltage  acroaa  R during  the  first  10  microseconds  of  current 
flow  after  shorting  the  gap  a la  ahovn. 

Our  observation  of  the  conductivity  of  the  carprossed  air  at  and 
behind  the  shock  front  was  made  in  the  following  Banner,  see  Figure 
The  explosive  holder  wee  connected  to  the  firing  circuit*  The  probe 
gap  was  placed  at  the  distance  x from  the  explosive -Air  Interface  by 
choosing  a suitable  length  for  the  "A"  piece  of  th*  probe  and  placing 
the  probe  directly  la  contact  with  the  explosive  holder.  The  exp  Los  lw 
holder  and  the  "B"  place  of  probe  ware  Insulated  fro*  each  other  by 
elsotrlcal  tape  and  wood  as  shown  la  Figures  1 and  3.  The  "A"  piece  of 
the  probe  and  one  side  of  the  condenser  were  connected  to  ground.  The 
"B"  piece  of  the  probe  was  connected  to  the  high  side  of  the  condenser 
through  the  realatanca  R as  shown  in  Figure  3.  The  deflecting  plates  of 
a Tektronix  oecllioecope  Ho,  5 ITT  were  connected  across  the  resistance 
R so  that  the  variation  of  the  voltage  across  R as  a function  of  tlna 
could  be  obaerved.  The  10  microsecond  sweep  scale  was  used  and  the 
triggering  circuit  arranged  so  that  the  sweep  would  be  started  by  the 
first  appearance  of  a voltage  across  R so  that  we  would  be  able  to  observe 
the  voltage  variation  acroaa  R during  the  first  10  microseconds  of  current 
flow  through  the  probe  circuit.  The  condenser  C van  then  charged  to  70 
volts  and  the  switch  placed  In  position  (2)  aa  shown  in  Figure  3. 


When  the  firing  circuit  switch  was  closed,  the  heating  element 
of  the  explosive  holder  Initiated  detonation  In  ths  lead  aside.  When 
the  detonatl^  shock  reached  the  explosive  -air  Interface  a shock  uaa 
formed  In  the  cylindrical  air  tube.  This  air  shock  then  propagated 
down  the  tube  toward  the  probe  with  a pressure  profile  like  that  shown 
in  Figure  5.  The  pressure  and  the  temperature  av»  a maxims*  at  the 
shock  front  and  decrease  together  behind  the  shock  front.  At  the  boundary 
between  the  compressed  air  and  the  reaction  yroducts  which  act  a a the 
Pi  ston  which  is  driving  the  shock,  the  temperature  takes  a sudden  drop 
but  the  pressure  continues  It*  gradual  deersas*.  A*  this  decaying  shock 
propagates  down  our  cylindrical  tube  th#  pressures  and  temperatures  at 
am  behind  the  shock  front  dacreas*  M Bore  auu  sers  air  Is  plclau  up, 
compressed,  and  pushed  along  by  the  reaction  products. 


It  is  reasonable  to  expect  also  that  the  conductivity  of  the  air 
decreases  in  sexoewhat  the  »ma  manner  as  the  pressure  and  temperature 
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TO  OSCiLLOSCO"* 


FIG.  3 THE  COMPLETE  SYSTEM 
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0 TIME  (fl  SEC)  10 


FIG.  4 OSCILLOSCOPE  TRACE  (A)  OF  VOLTAGE 
VARIATION  ACROSS  R OF  FIG.  3 DURING  FIRST 
10  MICROSECONDS  OF  CURRENT  FLOW  AFTER 
SHORTING  GAP  G.  TRACE  (9)  IS  BASE  LINE  DUE 
TO  RETRIGGERING 
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SHOCK  FRONT 
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FIG.  5 PRESSURE  AND  TEMPERATURE  PROFILE 
BEHIND  AN  EXPLOSIVE  PRODUCED  AIR  SHOCK 
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TIME  AFTER  SHOCK  ARRIVAL  AT  PROBE  (/iSEC) 
THIS  IS  ROUGHLY  PROPORTIONAL 
TO  DISTANCE  BEHIND  SHOCK  FRONT 
FIG.  6 
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a*  w«t  move  Into  the  compressed  g«s«*  behind  the  shock  front.  We  find, 
nwisveri  that-  thin  does  not  appear  to  be  the  ci«. 

RF3UI/E3 


In  Figure  6 the  result#  of  rreaeurements  of  a qualitative  nature  of  the 
conductivity  produced  by  the-  detonation  of  25  eg  of  dextrinsted  laud 
aside  for  the  system  of  Figure  3 *ee  shown.  'Hie*#  are  oscilloscope 
■trace*  c.n  the  10  microsecond  sweep  seal.-  of  the  Tektronix  Modal  5^-TT. 

Tho  vertical  deflection#  era  proportional  to  the  voltage  across  the 
reaUtance  R,  of  Figure  3 n*ad  consequently  to  t)A  current  throu^  R and 
here#  to  the  conductivity  of  the  electrical  path  tlirough  toe  ionised  gaa 
acme*  the  probe. 

Xc  1#  wvry  clear  that  the  maximum  conductivity  la  not  at  the  shock 
front. 


DI3ttE5I0l!  CT  RE3UI.T3 

The  oscilloscope  trace*  of  Figure  6 nay  be  Interpreted  ae  qualitative 
graphical  representation*  of  the  variation  of  the  conductivity  of  the 
compressed  air  at  at*  /-immediately  behind  the  shock  front.  When  x ■ 3. 500 
inchoa,  that  in,  when  the  probe  gap  is  3.500  inches  frcn  the  explosive* 
air  Interface,  the  conductivity  of  Jje  air  at  the  probe  takes  a sudden 
email  Jump  upon  the  arrival  of  the  shock  front.  Then  for  about  three 
microseconds  the  conductivity  increases  as  ve  look  into  the  ccoprsssed 
gates  behind  this  front.  Measurement#  of  the  air  shock  velocity  at  the 
probe  indicate  the  - it  is  about  2000  meters/aocond.  According  to  seme 
unpublished  calculations  by  9.  0.  Rsed*,  this  time  is  or  the  right  order 
of  magnitude  for  the  time  for  the  ionisation  to  reach  equilibrium  vhen 
produced  by  a shock  of  this  velocity.  When  the  distance  between  the 
explosive-air  Interface  and  the  probe  is  reduced  and  consequently  obser- 
vations of  higher  velocity  shocks  are  made,  the  initial  ionisation  upon 
the  first  arrival  of  the  air  shock  at  the  probe  increases  with  increasing 
shock  Intensity.  Furthermore,  the  time  to  reach  equilibrium  vaa  observed 
to  decrease  v'.th  increasing  shock  velocity.  All  of  this  is  consistent 
with  the  theoretical  speculations  of  W.  Do ring,  reference  (f). 

It  appear*  then  that  the  method  described  can  successfully  detect 
the  conductivity  of  the  Ionized  gases  at  and  immediately  behir.d  explosive 
produced  air  shocks.  The  effect  of  the  probe  geometry  upon  the  system 
has  not  yet  been  determined. 
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Atlantic  Research  Corp.,  812  B.  Fairfax,  Alexandria,  Virginia, 
via  LaaMat,  Baltimore , -Md. 

Attention:  Dr.  L.  L.  Weil,  Attn:  Mr.  Keith  Rumbel 

Diamond  Ordnance  Fuze  Laboratorleo,  Conn.  Ave.  & Van  Bess  Sts,, 
N.W.,  Waah.  25,  D.C.,  via  InaMat 
Attention:  Mr.  Hilton  Lipnick,  Section  30.4 
Attention  Mr.  Richard  Yeingrsd,  Section  30.4 
Mr.  Samuel  Kblodny,  Section  30.3 
Mr.  George  Keehn,  Section  30.1 
Hr.  Leo  Rubinavitx,  Section  20.2 
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DISTRIBUTION 

Director,  H<rv  Mexico  School  of  Hines,  Research  and  Development 
Div.,  P.0,  Box  6000  , 3tatlcn  A,  Albuquerque , S.M.,  via 
I mo  Mat  Lue  Aj*,elea , Calif 
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Chief,  Armed  Force#  Special  Vsaponc  Program,  Peatagui, 

Wash.,  D.C. 

Chief,  Naval  Operations,  Wash.,  D.C. 

Hercules  Povdar  Co.,  Wilmington  99,  Delaware,  Attention: 

Dr,  Julius  Roth,  via  InsMat  Phil*.,  P*« 

Hercules  Powder  Co.,  Port  Even,  H.T.,  Attention:  Hr.  Bcherrer, 
via  InsMat  Kingston,  N.Y. 

Director,  Rational  Bureau  of  Standard*,  Wash.,  D.C.,  Attention: 
Kr.  Apstein 

Armour  Reoearch  Foundation,  Reeearch  Center,  Chicago,  111. 
Attention t Mr.  W.C.  Troy,  via  InsMat  Chicago,  111. 
Attention!  Dr.  W.C.  KcCrone 


Deckman  Inatr^r'ante  Inc.,  P&eadaoa,  Calif.,  via  InaMat 
Los  Angeles,  Calif.,  Attention  Dr.  D.C.  TnyLor,  Jr. 

C amending  General,  Ordnance  Annual t ion  Center,  U.S.  Army , 
Attention:  ORDLY-R,  Joliet,  Ililnola 
Superintendent  of  Naval  Poat  Graduate  School,  Monterey,  Calif. 
University  of  Maryland,  College  Park,  Hd.,  via  LnsOrd  Silver 


3prlng,  Kd. 

Bureau  of  Ordnance,  Adfl,  for  distribution  aa  follows 
British  Joint  Services  Mission 
Defense  Reeearch  Member  Canadian  Joint  Staff,  Va 
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U.S.  Naval  Attache,  London,  England  • 3 

Rohm  and  Haas  Co.,  Redeton*  Arsenal,  Research  Division, 

Huntsville,  Ala.,  via  lasMat  Atlanta,  Qa.,  Attention: 

Dr.  R.  H.  Roes  ^ 


Rohm  and  Haas  Co.,  Phila.,  Pa.,  Attention:  Dr.  Ralph  Connor, 

via  InoMat  Phila.,  Pa.  1 

U.S.  Rubber  Co.,  General  Laboratories,  Passaic,  N.J.,  Attention: 
Dr.  P.  0.  Tnvney,  via  InaKat  Port  Newark,  Newark  5,  N.J.  1 
U.S.  rubber  Co.,  Naugatuck  Chemical  Co,,  Naugatuck,  Conn., 

Attention:  Mr.  F.J.  VoBter,  via  InsMat  Bridgeport  8,  Conn.  1 
Lob  Aloaioa  Scientific  Laboratory,  Loa  Alamo w , N.M.,  Attention: 

Dr.  D.  P.  MacDougaH,  Attention:  Dr.  L.C.  Smith,  via  InsMat 
Lob  Angelea  15^  Calif.  2 

National  Fireworks  Ordnance  Carp.,  West  Hanover,  Mass., 

Attention:  Mr.  S.J.  Porter,  vie  InsMat  Springfield,  Maos.  1 
Princeton  Univ.,  Erlnceton,  N.J.,  Attention;  Director,  Project 

Squid,  via  InsMat  Phila,,  Pa.  1 

Harvard  Uclv.,  Department  of  Chemistry,  Cambridge,  Mass.,  via 

InsMat  Boston  10,  Maas.  1 


